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Introduction 

Sorpilon and ion exchange have been widely employed by 
the nuclear industry to decontaminate aqueous waste 
streams. Standard formulations of adsorbents are used 
world-wide to process radioactive liquid wastes. As 
discharge limit* are lowered by regulatory authorities, It la 
more chal Icnfilng for operators to comply with the 
governing principles oF ALARP (as low as reasonably 
practicable) and BATNEEC (beat available technology not 
entailing excessive cost)'. 

Sorption and ion exchange usually utilise costly inorganic 
or polymeric material* that are often affected by elevated 
level 8 of radiation und Increased temperatures. Thoy are 
also unstable in corrosive media and are not highly 
selective. The development of new sorptivc materials that 
are free of the drawback* mentioned earlier would make 
treatment and disposal much caster and snfbr. 

Active enrbtms possess obvious advantages over other 
more conventional adsorbents (Ion-exchange resins, 
Inorganic fori-c.vchangers, aeolFtas, etc.) because of their 
high mechanical strength, chemical and radiation stability, 
high selectivity coupled with a cheap and simple 
manufacturing process 1 * 4 . Physical and chemical properties 
or these materials (I.e. surface area and porosity 
distribution, surface ucidity, the presence of heterostoms* 
etc.) may be controlled during the synthesis process. This 
ts particularly applicable in the case of polymen-bascd 
carbons since most of these parameters can be preset 
during the resin-precursor manufacturing stage. The 
properties of carbonaceous adsorbents may be tailored to 
address the needs ofo particular decontamination process. 

In the current study, three active carbons derived from 
different precursors were tested tor the removal of 
radioisotopes. The composition of waste streams was 
chosen to mimic discharges from nuclear power planti. 
Sortxion experiments were carried out at the Harwell 
Laboratory. AEA Technology pic* Oxfordshire, UK. Hie 
objective uf these experiments was to Investigate the 
sorptlve properties of these cottons towards radionuclides 
In complex waste streams. 



Experimental 

Active curbon derived from agricultural by-products 
(KAU-1.9) and commercially available F400 carbon were 
oxidised by nitric ncid. Oxidation methodology can be 
found elsewhere*'", A phosphorus-containing carbon 
(PGP-P) was prepared from a phosphor! lated phenol- 
formaldehydo resin by refilling In phosphorus 
oxy chloride and toluene solution followed by pyrolysls'. 
The samples were analysed on a Perkln Elmer Series II 
2400 elemental micro analyser. Wtosphorus content in 
POP-P was determined using tlte standard ntotybdste blue 
method 1 *. The cement of mineral admixtures was 
determined by ashing carbon samples In a furnace at 
800°C. Elemental distributions of carbon ash were 
obtained by energy dispersive X-ray microanalysis 
(CD AX) using a Cambridge Stereoscan 360 scanning 
electron microscope 

Surface area and pore size distribution of the adsorbents 
were determined from nitrogen sorption isotherms at 77 k 
measured by means uf a Micromeriiics A5AP20 10 surface 
ares analyser. The data was modelled using the DFT 
method 11 . 

The relative concentrations of different surface functional 
groups In oxidised carbons were determined using 
Bochm's method with sodium hydrogen carbonate, sodium 
carbonate, sodium hydroxide and sodium cthoxlde 1 \ 

Low activity reference* waste streams were used in this 
study designated as NAEC St. S3 and $5 (Novel Absorber 
Evaluation Club, AEA Technology, Harwell. UK I, All 
waste streams contained 0,05 M sodium nitrate to reduce 
peptization of the adsorbent. The metal Ion content of each 
stream was: (a) waste stream NAEC SI; "'Cs, ^to* **Zit 
5l Cr. *Fe, «Mn. M *Ru, '»Cd, ,,i,n Ag, ^Hn m the 100 
Bq/ml level lb) waste stream NAEC S3; a *WlVi at 2 
Bq/ml, 241 Am at I Bq/ml, *Sr at 5 Bq/ml (c) waste stream 
NAEC S5; - JP PuOV), MI Am and - r Npt V) at IBq/mK Igrt 
NaMCO, 

Tint test solutions were adjusted to the required pH value 
and then kepi for u\ least 2-th at room temperature before 
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use to allow equilibration of loute species. Stream NAEC* 
SI was analysed by gamma sped no me try (detection Ifmil 
of I Bq/ml or less). Stream* NAEC S3 and S3 we™ 
analysed to* both alpha and beta scintillation counting. 
Prior to uk. odsorbems wcrv conditioned by washing with 
weakly solution or sodium hydroxide. Wishing was 
continued until Ihe pH of the wash remained at iu original 
vaUie for 20k The adsorbents were used wot after 
decanting ihe wash ftuld and removing any excess 
moisture with a cellulose tissue. 

lml samples of the conditioned adsorbent was measured 
frto 2C0ml screw-top plastic containers using a syringe 
thai was modified as a 'full-bore' tyringe. A known 
volume of a reference waste stream was ndded to Ibc 
containers to make up the starting concentration of 
radioisotopes (100 Bq/ml). The container* were agitated 
using a constant temperature orbital shaker at 20°C. 1.5 ml 
alliums of supernatant solution were extracted from the 
container! at intervals of t, 2. 4, 6 and 24 hours, 
ctmrlfuged and then 1ml was removed for analytical 
measurements. A blank experiment with no adsorbent 
present was also Included. All the experiments were 
performed in duplicate, and result* averaged. 

Alt analytical results are presented as distribution 
coefficient <Kd) and uptake {mmol/g). The Kd Is 
calculated using ihe expression: 
Kd-( A/ At- DxV/m (mt/gh 

where A, and A r are activities of a radionuclide in ihe 
solution before and after the sorption, respectively; V is 
solution volume (ml): and m is the mass (g) of carbon 
sample. The total Kd was determined For Ct* and (S-einlttlng 
Isotopes from NAEC S3 and NAEC S5 streams (calculated 
from total activity values). 

Result* and Discussion 

Oxidised active carbons contain a relatively large amount 
of oxygen (Table 1). Oxygen-contuining acidic suriaee 
groups formed during the nitric acid treatment ure 
responsible for the increase in oxygen concentration. 

Table K Surface area, pore volume and elemental analysis. 



Adsorbent 


KAU-1,9 


F400(ox) 


pgp-p ; 


DFT S. Area.mVft 


1100.4 


8J0 


27M 


DFT Pore Vol ..em' 'a 


0.73 


0.26 


0.13 


Ash(wtS) ~ 


1.9 






83.21 


83.64 j 75.49 


H(wt%1 


0.56 


0.42 : 1.76 


N(vrtfcO ' 061 


0.7? i 1.15 ; 


P^Vl%) 


- -pr^r* 


0*<wt%) 1 15.62 


15.21 1 15.09 



The molybdatc blue method yielded a value of 6.3 1 H 
phosphorus whereas direct elemental extermination 
yielded 6.8 % of phosphorus. Elemental analysis revealed 
the presence of 1.15% or nitrogen in this materiel. This 
may be attributed to a nitrogen-containing modifying agent 
used In the preparation of the resin precursor. Oxidation of 
active carbons using nitric acid introduces very small 
amounts of nitrogen which was found In KAL-1.9 and 
F400(ox) samples. 

Both unoxldtscd and oxidised F4D0 carbon samples 
contain relatively large amounts of mineral admixtures 
(4.78 % and 3.14 % respectively K The presence of silicon, 
aluminium, potassium, calcium, titanium and iron was 
detected by energy dispersive X-ray microanalysis In the 
ash samples of both samples. These Impurities originate 
from bituminous coal which was the precursor of F400. 
Lower amount of ash in Ihe oxidised sample suggests that 
o part of It was digested In nitric and hydrochloric acids 
during oxidation and subsequent washing procedures. The 
residual ash in the oxidised sample is likely to be attributed 
to illlcale compounds that are not satublo In these acids. 
Similar observations regarding mineral impurities in F 400 
were also reported by Albcn and Jacobs 11 and Corapcioglu 
and Huang . 

The porc-slzc distribution data clearly shows mat the 
phosphorus^oontalnlng carbon Is predominantly 
micro porous (Fig. I). 



5 



O.02 



0-01 



I (Hill 




108 

Pott Wt4ih <A> 



Figure f • Itore size distributions for the carbons studied. 

The mean micropore diameter of PGP-P is about 7A. 
KAU-1.9 and F4Q0(ox) possess a greater amount of small 
mesoporcs (-20 A) in comparison to PGP-P. The pore 
volume of the phosphorus-containing carbon appears to be 
very low when compared with P400<o.\) and KAU-1.9 
(Table I). The apparent bi* modal distribution of pores in 
the micropore*!* region is caused by deficiencies of the 
DFT model n . The low surface area and pore volume 
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value oftho PGP-P carbon can he attributed to the foci that 
surface phosphates tend to restrict catalytic gasification 
during thermal treatment of the carbon preciirsor JW( \ The 
phosphates protect the surface from excessive bum-ofT 
thus yielding « low surface »rca carbon. Indirect evidence 
of thfc phenomenon wo* observed for the phosphorus 
carbon. It was extremely difficult to bum the l»OP-P 
carbon In a pure oxygen atmosphere during phosphorus 
analysis. 

The titration results show that the oxidised active cartons 
contain a relatively high concentration of oxygen- 
containing surface functional groups. Both samples hove a 
similar quantity or carbojcylfc groups. However, the 
concentration or weaker functional hies (I.e. lactones and 
phenols) is different (Table 2\ KAU-1.9 has a higlter 



eicceedfl that of some commercially manufactured sorptlvc 
materials specifically designed for the removal of heavy 
metals and radioisotopes 1 . 

Relatively low tmiuke was detected for Fe-59 and Ca-!37, 
The result for Fe-59 Is unusual since oxidised carbons 
normally exhibit higher selectivity towards Iron in 
comparison with other metal ions' 7 . The PCP^P carbon 
displayed better sorption tor iron In comparison whh the 
other carbons. 

The uptake rate for radioisotope removal by carbons from 
NAEC SI stream was fast. Within one hour between (85- 
95 rH of metals were removed from the feed solution. 
However, tliuro were some exceptions. Fc-39 % Ru-106 and 
Cs-I37 were removed relatively slowly compared lo the 



Table 2. Concentration of surface functional groups of KAU 1,9 and F400 (ox). 



Carbon 


Carboxyl 
groups 
mmol a*' 


Lactones 
mmol 


Phenolic 
groups 
mmol b 1 


Total (non- 
carbonyl) 
%x\moi a' 1 


C&rbonyt 
groups 
mmol a"* 


Total capacity ! 
mmol g' f 


KAU K9 


0.959 


0.393 


0,702 


2.034 


2,376 


4-430 


% f 


46.69 


19.13 


34.18 


100 






F 400jox) 


Wl9 


U.439 


0.427 


1.586 


(.356 


2.941 


% 


4iJi 


27.68 


26,02 


100 







% of total non-carbonvl capacity 



proportion of phenolic-typo groups (In terms of acid 
strength) whereas F400(ox> possesses equal proportions or 
laconic and phenolic* type groups. Both materials also 
contain o large quantity of carbonyl groups; these are 
capable of participating in donor-acceptor type Interactions 
with heavy metal ions. 

Radionuclide sorption studies performed with the 
carbonaceous adsorbents exhibit high distribution 
coefficients (Kd| for radioisotopes (Table 3 and Fig 2). 
The performance of the tested materials is comparable or 



rest of the radionuclides. Within one hour only 145-55 r% 
of iron, (60-70)% of ruthenium and <60-G5)P* of caesium 
were removed by the oxidised active carbons. C.VI37 
uptake rate by POP was similar to that of the oxidised 
carbons. .Generally, after 24h (95-99.5)% or Y-etnitters 
were removed from the feed solution* 

KAU- 1. 9 and F400(ox) were also studied for the removal 
of a* nnd (Remitters (Pu. Am, Sr and Np) from NAKC 53 
and NAEC S3 reference streams. The results for NAEC S3 
Indicate thai KAU- 1.9 yields much higher Kd values than 



Table 3. Distribution coefneients and uptake values studied from NAEC SI (^activity) and NAEC S3 (a-, p- activity). 



Isoione 


Kd vulumtxlfl' ml/a /Unfa 


te. xlO* mmol/ofnH Qt 




_ F4<X 




KA 


UULS 


PGP-P 


cairn 








2.190 


1.15 


1.860 


HR20J 


.1.64 


. P-°4t . 




?,Q4» 


I.9P 






1.8J ., 


0.012 


0.99 


0,Pil 


1.11 


, 0,024 




2.89 


0.3M 


W . 


. QJ79 


2JJL. . . 


0.479 


C»I37 


0.14 


«A9« 


.9:."? .... 


9.250 


0.08 


4.400 


MnM ,„ 






14.00 


M48 


3.68 


0,1 »3 


AftUftD 


3.72 




1.74 


0.224 


2.68 


0-240 


Fe ?? 


m 


0.051 


4.62_ 


.P..03J 


7.12 


0.060 


. , _ ,.lt&i..,. , „ 


14.10 






0.287 


9,38 


0.28S 


., Crtw 


9,8,8 




69.50 


2.740 


US . 




,J*ialJiriicL*tlxlfll. 


2.81 




13.70 








Totol Kd(p<activliy) 


0.28 




0.78 
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K 400 (tt<) (Table J). Investigation of the c(T©cl of solution 
pH on Kd values far the NAEC S5 waste stream showed 
better sorption by KAU- 1*9 with Increase tn solution pH 
whereas F400(ox) displayed the opposite behaviour (Table 
4). o> and p-emltiing Isotopes were alio rapidly removed 
from solution (90-95 % of radioisotopes were taken up 
during the first hour). 




RsaonutfWtt 



Figure 2. Log Kd for tlw materials iiudicd. 



Table 4. Batch contact test with selected carbons m 
different pH values using NAEC S5 reference waste 
Stream <a-acrtvliy), 



Sorbcm 


PH 


Total Kd.xKfmVg 
(u-TCiiviry) 


KAU L9 


7 


0.48 


KAU 1.9 


0 


1.62 


KAU 1.9 


1 1 


1.80 


F 400 {ox) 


7 


4,43 


F400fOx) 


9 


3.53 


F 400 (on) 


II 





The removal of radioisotopes by active carbons may he 
attributed to the presence of Inorganic mineral fmpurlifcs 
and humic compounds present within the active carbons. 
The lull composition data showed that F 400 (derived iVom 
bituminous coal) contains considerable quantities of 
foreign components. These component* included various 
metal wide* and silicates. These compounds themselves 
are known to be very good adsorbents Ibr heavy mewls 
and radioisotopes. The feed concentration of the 
radioisotope solution was very low to- 109 Bq/ml (10** - 
I0' 1(i mmol/l) and. therefore, metal oxide Impurities 
present within carbon may selectively bind radioisotopes. 



Sorption of ct-cmlttcrs displayed by F400 (ox) may be 
partially related to the greater concentration of mineral 
admixtures within F400 (ox). Energy dispersive X«ray . 
microanalysis of the ash obtained from F400 (ox) 
contained the elements Fc, Al, Tl and Si, Some of these 
oxides eg. Fc, Al etc., may solubJlise as the pH of the 
solution Increases. This Is reflected In the gradual 
reduction of Kd values (or tt-actfvfty displayed by F400 
(ox) as the pi I of the solution increases (Table 4 K Apricot 
stone derived KAU carbon contains less mineral 
admixtures as displayed by the low ash content values 
obtained for KAU* 1.9 (Tabic Ik It Is also quite likely that 
the elemental composition of ash derived from KAU- 1. 9 
(mostly Na and Ca) differs from ash obtained from 
F400\ux) I mostly Al, fc. Tl and SiK U is less likely that 
mineral admixtures In KAU* 1. 9 would have the same 
Influence on radionuclide sorption as In F400 (ox). The 
increase In Kd values for a-actlvlty displayed by KAU- 1.9 
Is attributed to the effect or solution pH on the dissociation 
of weakly acidic functional groups. More of the acidic 
surface functional groups present In KAU- 1.9 are 
dissociated at pi I values of pH9 and pHII respective^, 
consequently, Increased metal sorption is observed as the 
pH of the solution Increases. 

Another possible reason for the enhanced sorption of 
radioisotopes by oxidised carbons may relate to the 
presence of huntic substances thai are formed during 
carbon oxidation due to a partial digestion of the carbon 
matrix. They tend to leach oat from the carbon during 
contact with alkaline solutions, tt was shown by Kuzin and 
Sfrashko 1 * that the functionality of huntic acid molecules 
are structurally similar to the surface functional groups 
present in oxidised activated carbons. Ilumlc acids consist 
of flat networks of carbon rings with side radicals. 
Functional groups similar to those found on the surface of 
oxidised active carbons arc distributed in the structure of 
humic compounds. An earlier Invest! nation carried out by 
Chuveieva et el.** 22 revealed that natural humic 
compounds (similar to those found in oxidised carbons) 
arc capable of selectively binding radioisotopes. Humic 
acids as well as oxidised active carbons possess two major 
types of functional groups: carboxyllc and phenolic. These 
groups associated with humic acids that are present within 
the pores of active carbons may be responsible Tor the 
Improved selectivity displayed by these adsorbents 
towards radioactive metal species. The flexibility of these 
macro molecules may allow rotalion of negatively charged 
acidic functional groups thereby facilitating the interaction 
of several neighbouring fractional groups with a heavy 
mclal Ion. This cart result m the formation of strongly 
bound metal chelates. This is In sharp contrast to tha rigid 
structure of active carbons, where the possibility of metal 
Ion Interaction whh multiple functional groups is 
restricted. Consequently, humic acids may contribute to 
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the overall metal sorption capacity and selectivity of 
oxidised carbons. 

Performing sorption experiments in solution with alkaline 
pi I may be important for the enhancement of the 
selectivity of active carbons. It was shown in earlier 
Studies thai the stability of carborv metal mrftcc complexes 
Increases with pi t las Inferred from stability constants) 
:3 . At high pH values, relatively weaker surface groups 
<i,e, phenolic)* together with relatively stronger groups (l.e. 
carboxyUc), dissociate and therefore participate in 
complcxailon reactions with metal bns in solution. 

Conditioning of the adsorbents with alkaline solution (e.g. 
sodium hydroxide) effectively converts them into a 
cBlionic form* Cfttiorjlc forms of carbonaceous materials 
moy exhibit somewhat different aorptivc propcriU's 
enmpared to adsorbents In the hydrogen form. Mlronov 
and TaushkamV 6 determined the exchange constants an 
oxidised carbons for a variety of binary systems such as 
nickel-sodium. nfekcMrydrogen, sine-sodium and itine- 
hydrogen. They reported low apparent exchange constant 
values for Ni 3 '-H\ Zrr*-rT and particularly for Nu f -1l\ 
Low values were thought to relate to a high affinity of the 
surface functional groups in active carbons towards 
hydrogen Ions thereby resulting in poor metal uptake* On 
the other hand, the exchange constants between ihe 
divalent cations and sodium km* of the adsorbent surface 
attained high values lx. good cation exchange* The 
values of Me^ - MeV* exchange Constants mostly depend 
on the extent of saturation of surface functional group* ni \ 
Highest values of the constants occur either ai low surface 
saturation (e.g. at acidic pH) or at high saturation degree* 
In alkaline solutions* Medium saturation extent and near- 
neutral solution pH result in less pronounced differences of 
metal sorption I.e. reduced selectivity. 

Conclusions 

This study has shown that treatment of radioactive waste 
streams by active carbons can be used to substantially 
reduce the concentration or radioisotopes prior to 
discharge. Characterisation of adsorbents by a variety of 
physico-chemical methods confirms the presence of 
different surface functional groups containing hetcroaioms 
(La. oxygen and phosphorus). The sorption results show 
that oxidised active carbons exhibit selectivity and rapid 
kinetics for the removal of radioisotopes. The presence of 
mineral admixtures, humtc substances, the negatively 
charged adsorbent surface, a variety of surface functional 
groups in carbons as well as experimental conditions 
(solution pH, sorbent conditioning* etc.) influence the 
removal of radioisotopes. 



Acknowledgement 

The work was performed a* a part of the Novel Absorber 
Evaluation Club programme, ABA Technology. Harwell. 
UK and their collaboration is acknowledged. 

References 

1. Hooper, C.W. Kavaiuigh p P.R. The novel adsorber 
evaluation club - A ruvtqw of recent studies, in Ion 
Exchange Developments and Application*, 
i+ocettttingj of the SCI Coir/ /£\"W.. Greig. J.A. 
<Ed,K Cambridge, UK. 19*6, 143-150. 

2. Kttttn, LA* Scmushln, A.M. Radiation-chemical 
stability of carboxyl re'sins and oxidised charcoal. 
Journal of Applied Ctemtsiry of USSR. 1961. 34<3>> 
553-556. 

3. Strushko. B.K.. Kuain, I.A. Uskutov, A.I. 
Investigatlofi of the chemical and thermal stability of 
oxidised carbon. Journal of Applietl Chemistry of 
f/.SST*. 1966, 3<*9), 188JM890. 

4. Tomashevskaya, A.N.. Tarkovaknya, i.A« Coba, 
V.B., Sinuhesko* D.N. The sorption of metal cation* 
by a selective cation exchanger (oxidised charcoal*, 
Russkn Journal of Wn*icat Chemistry* 1972, 46(8), 
1213-1214. 

5. Kuwrt, I.A., Strashko, B.K. Preparation of oxidised 
Curhon and Investigation of its ion exchange 
properties, Journal of Applied Chemistry of USSR. 
1966. 39(3 K 566-569. 

6. Kuzln, LA. and Strashko. B.K. investigation of the 
selective properties of oxidised carbon, Jovrw! of 
,f/yj/W Chemistry of USSR, 1967. 4002k 2705- 
2707. 

7. Strelko (jO, V. Stfvcih* removal of heavy nmit* 
using witv/ active cwhMS. (PhD Thesis), 
Loughborough University, 1999. 

8. Strelko (Jr.), V., Strern, Strelko, V.V, Acidity of 
lurfacc functional groups and etfctrophoreric and ion 
exchange properties of carbons oxidised at different 
conditions, Procwdhw* of 23* Biennial Co*\fers>nee 
on Carton, Pennsylvania State University. USA, 
1997, 1,240-241. 

9. Strelko (jrK V., StreaL M- Kosynchcnko. O. 
Preparation. characieHsallon and sorptfve properties 
of polymer bosed phosphorui-containing carbon. 
Reacts ami Functional Po(yttiorx % 1999. 41(1*3), 
245-253. 

10. Zharkovsky. F.C., Pilipenko, A.T.. Pyatnitsky. I.V, 
Aitafyiical Chemistry NamfhooK Vlscha Shkola: 
Ukraine. 1982. 

1 1. Oliver, J.P„ Conklln, W.b. Determination of pore 
size distribution from density funciional theoretic 
models of sorption and condensation within porous 
solids. Proceedings <tf 1 huernxnlonal Symposium "On 



PAGE 30/52 1 RCVD AT 5/512006 1:27:49 PM [Eastern Daylight Time] 1 SVR:USPTO«EFXRF-3/2 * DNIS:2738300 1 CSID:303 499 8516 * DURATION (mm-ss):15-48 

BEST AVAILABLE COPY 



May 05 2006 10:19RM Boulder Patent Services, 303-499-8516 



p. 31 



4 



the Gffecn qfSitrfac* Htterogvvlty Sorption iW 
Catalysis on Suihts'\ Karimlerz Dolny: Poland, 

\m, 

12. Boehm, H. P. Chemical Identification of surface 
groups. Advances in Caialytis, Academic Press: New 
York, 1966, 179-274. 

13. Albert. K.T, and Jacobs, 1«S, Trace Element 
Distributions of a Granular Activated Carbon. 
( 19B6), Carbon. 24(2) p. 177-1 S3, 

14. Corapcloglu. M.O. and Huang, CP. The surface 
acidity and characterisation or some commercial 
activated carbons. Carbon 1987. 25(4). 569-578. 

13. Uilne, J„ Caiafkt. A, Factor* affecting the 
preparation of active carbons from coconut shell and 
catalysed by potassium* Carbon* 1991. 29(7), 949- 
953. 

1 6. Freeman. J J., GImblett, F.G.R. Activation of 
phosphate- impregnated charcoal ctolha m carbon - 
dioxWe gas at S5Q*C • A curious anomaly. Carbon* 
t9*8 f 26(4), 501*505. 

17. Strazhcsko, D.N„ Tarkovskaya, LA. Chemical nature 
of the surface, selective ion exchange and surface 
complexation on oxidised carbon, Adsorptslya t 
A&orbvMi (Sorption and Adsorbents). 1073, 1,7-17, 

IB. Kuzin, I. A.* Straahkc B.K. Investigation of the 
selective properties of oxidised carbon, Journal of 
AppUriChmlstryofUm* 1967,40(12), 2705-2707. 

19, Chuveleva, E.A* Nazarov, P.P., Chmutov, K.V, The 
ton exchange sorption of radloclcmcnu by soils* I, 
Sorption of radloceiium by chernozem, Russian 
Journal of Physical Chfmistry, 1962, 36l4), 427. 

20. Chuvdcvn, E.A., Crimutov, Naxarov. P.P. The 
ion exchange sorption of radloelements by soils. IK 
The cerium-calcium Ion exchange equilibrium on 
humk acid. Russian Journal of Pltysfcal Cfwmlsuy, 
19*5, 36(4), 430-431. 

21. Chuveleva, Ej\~ Chmutov, K.V.. Nazarov, P.P. The 
ion exchange sorption of rudioelements by soils. III. 
The dissociation constant of the carboxyl groups in 
humlc acid, fatxsJan Journal of Physical Chemistry* 
1962,36(41,432-433. 

22, Chuveleva, E.A., Nazarov, P.P., Chmutov, K.V, The 
ion exchange sorption of radioelemems by soils. IV. 
Complex formation by some metal Ions with humlc 
acid, Russlait Journal qf Phyilcat Chemistry* 1942. 
36(6), 738-741. 

23, Alekseenko. V.A. t Vasireva, N,M„ Senyavin, M,M-» 
Strozhesko, D«N. and Tarkovskaya, LA» Concentration 
cation-exchange constants for alkali and alkaline-earth 
metal? on oxidised carbons. Russian Journal of 
Physical Chenthtry 1971,45(1), 57-60. 

24. Kuzln, I.A. Synthesis, characterisation and 
applications of oxidised carbons, Adsorbtsfya f 
A dsorbvntl (Sorption and Adsorbents), 1974. 2, 10-14, 



25. Tauslikanov. V.P.. Kuzin, I .A- Markova, T.P. 
Application of oxidised carbon tor high purification of 
salts and organic solvents, Adsorhiiiyu i Attoorbrnti 
(Sorption and Adsorbents), 1 974, 2, 46-50. 

26. Miroiiov, A.H. and Tauthkanov* v,Pv Determination 
of apparent ion exchange constants for oxidised 
carbons BAU. Adsorbtslya I Adsorhcnil (Sorption and 
Adsorbs**), 1974,2,32-33. 



PAGE 31/52 1 RCVD AT 5/512006 1:27:49 PM [Eastern Daylight Time] * 8VR:USPTO£FXRF-3/2 * DNIS:2738300 * CSID:303 499 8516 1 DURATION (mm-ss):1548 

BEST AVAILABLE COPY 



